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PIPELINED PACKET-ORIENTED MEMORY SYSTEM HAVING A 
UNIDIRECTIONAL COMMAND AND ADDRESS BUS AND A 
BIDIRECTIONAL DATA BUS 
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This invention relates generally to the field of memory devices, and more 
particularly to a pipelined packet-oriented synchronous DRAM interface. 



separate address, data and control pins. For example, one version of a synchronous 
dynamic random access memory (SDRAM) has twelve address pins, two 
multiplexed address and control pins, seven control pins and sixteen data pins. This 
approach offers a great deal of flexibility since computer systems vary greatly in 

1 5 their memory requirements. In particular, the bandwidth of memory systems using 
SDRAMs can easily be increased by adding another SDRAM in parallel to the 
existing SDRAMs, thereby increasing the width of the memory bus. 

The tradeoff for this flexibility is, however, an increase in layout space 
which leads to an increase in manufacturing cost Separate traces need to be run for 

20 each pin of each SDRAM. Therefore, it is sometimes cost prohibitive to use 
SDRAMS for wide memory systems. 

One approach to lower the cost of expanding memory is to use memory 
devices which multiplex address, control and data information on the same pins. 
For example, some memory devices have a set of generic interface pins which 

25 connect to a high-speed, synchronous bus. Communication over the bus is 

accomolished by a series of packets which conform to a predefined packet protocol. 
Usually the packet protocol is fairly sophisticated and has a complete command set. 
For example, DRAMS conforming to the RAMBUS™ interface communicate using 
a protocol in which each packet consists of six bytes transmitted sequentially over a 

30 high-speed bus known as a "Channel." In this manner, the packets encapsulate all 
address, control and data information. 



Background of the Prior Art 

Conventional memory devices have a standard interface consisting of 
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Because of the efficient use of generic interface pins, a packet protocol 
reduces the required number of pins to approximately 30. However, this has the 
disadvantage of decreasing effective data bandwidth, because only a portion of the 
total bus bandwidth is available for data (the rest of the bandwidth is reserved for 
5 address and control information). 

Another method for reducing the cost associated with increasing total 
memory bandwidth, without decreasing effective data bandwidth, is to provide a 
second high-speed bus specifically for communicating data. In this approach, 
address and control information is communicated over a unidirectional high-speed 

1 0 address/control bus while data is communicated over a bidirectional high-speed data 
bus. Both communications conform to a predefined packet protocol. This approach 
has the benefits of reducing the total pin count (although not as much as the 
RAMBUS™ protocol described above), yet has the added benefit that only the data 
bus needs to be duplicated when the width of the memory system is increased. 

1 5 Both approaches described above offer advantages over traditional memory 

architectures in terms of increased data retrieval bandwidth. It is difficult, however, 
to implement systems having both fine granularity and large memory depth using 
such devices. What is needed is a memory architecture which supports increased 
bandwidth, fine granularity, and large memory arrays. 



As explained in detail below, an improved memory system is provided 
having a unidirectional command and address bus coupled to a memory controller, 
the memory controller communicating commands and addresses to the command 
25 and address bus. A bidirectional data bus is also coupled to the memory controller, 
the memory controller communicating data information to the bidirectional data bus 
for a write operation and receiving the data information from the bidirectional data 
bus during a read operation. The memory system further includes a plurality of 
memory devices, a buffer register connected between the command and address bus 
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Summary of the Invention 
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and the plurality of memory devices, the buffer register receiving and latching the 
commands and addresses from the command and address bus and driving the 
commands and addresses to the plurality of memory devices, and a data register 
connected between the plurality of memory devices and the bidirectional data bus, 
5 the data register receiving and latching the data information from the bidirectional 
data bus and driving the data information to the plurality of memory devices for a 
write operation, the data register receiving and latching the data information from 
the plurality of memory devices and driving the data information to the bidirectional 
data bus for a read operation. 

1 0 In another embodiment of the invention, the memory system has a 

unidirectional command and address bus coupled to a memory controller, the 
memory controller communicating commands and addresses to the command and 
address bus, and a bidirectional data bus coupled to the memory controller, the 
memory controller communicating data information to the bidirectional data bus for 

15 a write operation and receiving the data information from the bidirectional data bus 
during a read operation. The memory system further includes a plurality of 
pipelined memory subsystems, each memory subsystem having a plurality of 
memory devices, a buffer register connected between the command and address bus 
and the plurality of memory devices, the buffer register receiving and latching the 

20 commands and addresses from the command and address bus and driving the 
commands and addresses to the plurality of memory devices, and a data register 
connected between the plurality of memory devices and the bidirectional data bus, 
the data register receiving and latching the data information from the bidirectional 
data bus and driving the data information to the plurality of memory devices for a 

25 write operation, the data register receiving and latching the data information from 
the plurality of memory devices and driving the data information to the bidirectional 
data bus for a read operation. 

According to another feature of the invention, the memory system includes a 
unidirectional command and address bus coupled to a memory controller, the 
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memory controller communicating commands and addresses to the command and 
address bus, and a bidirectional data bus coupled to the memory controller, the 
memory controller communicating data information to the bidirectional data bus for 
a write operation and receiving the data information from the bidirectional data bus 
5 during a read operation. The memory system further includes a memory module 
including a pipelined memory subsystem. The pipelined memory subsystem 
includes: a) a plurality of memory devices, b) a buffer register connected between 
the command and address bus and the plurality of memory devices, the buffer 
register receiving and latching the commands and addresses from the command and 

1 0 address bus and driving the commands and addresses to the plurality of memory 
devices, and c) a data register connected between the plurality of memory devices 
and the bidirectional data bus, the data register receiving and latching the data 
information from the bidirectional data bus and driving the data information to the 
plurality of memory devices for a write operation, the data register receiving and 

1 5 latching the data information from the plurality of memory devices and driving the 
data information to the bidirectional data bus for a read operation. The memory 
system also has a socket adapted to receive the memory module and to couple the 
pipelined memory subsystem of the memory module to the unidirectional command 
and address bus and to the bidirectional data bus. 

20 In order to solve the problems in the prior art, we have provided a method 

for storing data in a pipelined memory system. The method includes the steps of 
communicating commands and addresses to a unidirectional command and address 
bus, communicating data information to a bidirectional data bus, latching the 
commands and addresses in a plurality of buffer registers, latching the data in a 

25 plurality of data registers, driving the latched commands and addresses to a plurality 
of memory devices having addressable storage, driving the latched data to the 
plurality of memory devices, and storing the data in the addressable storage of one 
of the plurality of memory devices. 

4 



These and other features and advantages of the invention will become 
apparent from the following description of the preferred embodiments of the 
invention. 



5 Brief Description of the Drawing 

Figure 1 is a block diagram of one embodiment of a packet-oriented memory 
system having a command/address bus, a data bus and a plurality of pipelined 
memory subsystems; 

Figure 2 is a block diagram of an alternate embodiment of a packet-oriented 
10 memory system having a single C/A bus, two data busses and a first and second 
plurality of pipelined memory subsystems; 

Figure 3 is a block diagram of one embodiment of a memory system having 
a plurality of memory modules where each memory module has a single pipelined 
memory subsystem; 

1 5 Figure 4 is a block diagram of an alternate embodiment of a memory system 

having a plurality of memory modules where each memory module includes a 
plurality of pipelined memory subsystems; and 

Figure 5 is a block diagram of an alternate embodiment of a memory system 
having a plurality of memory modules coupled to a first and second data bus, each 

20 memory module having two memory subsystems. 



Description of the Present Invention 
In the following detailed description, references are made to the 
accompanying drawings which illustrate specific embodiments in which the 
25 invention may be practiced. Electrical, mechanical, logical and structural changes 
may be made to the embodiments without departing from the spirit and scope of the 
present invention. The following detailed description is, therefore, not to be taken in 
a limiting sense and the scope of the present invention is defined by the appended 
claims and their equivalents. 
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In a memory system having a single high-speed command and address bus 
(C/A bus) and a high-speed data bus, the C/A bus will experience the same electrical 
loading as the high-speed data bus. Assuming similar physical layouts for each bus, 
a maximum frequency of operation is similar for each bus and is primarily 
5 determined by the number of devices on the bus. 

In order to increase the bandwidth of a memory system having two high- 
speed busses, a new memory device is added in parallel to the existing devices and a 
corresponding data bus is added. For example, assume that a memory system has a 
single memory device, a single C/A bus and a single data bus. In order to increase 

10 the bandwidth of the memory system a second memory device may be added in 
parallel to the first. In this manner, the memory system uses a single C/A bus and 
two data busses. Since each memory device has its own data bus, the effective 
bandwidth of the system is doubled. 

At the same time, however, loading on the single C/A bus also doubles. In 

15 fact, as the bandwidth of a memory system is increased, the loading on the C/A bus 
increases at a rate directly proportional to that increase. As the number of devices 
on a bus increases, the frequency at which the bus can be reliably operated therefore 
decreases. Thus, in increased bandwidth implementations, the maximum frequency 
of operation for the C/A bus will be lower than that for the data bus. Since both 

20 busses are typically run at the same frequency, the bandwidth of the memory system 
is limited by the number of devices on the C/A bus. Similarly, at a given operating 
frequency, there is a maximum number of devices that can be supported on the C/A 
bus, and hence in the memory system. 

Conventional microprocessor based systems utilize three busses: a memory 

25 data bus, a command bus and an address bus. For example, one popular Intel 
microprocessor based system provides a 66 MHz memory data bus, a 66 MHz 
command bus and a 66 MHz address bus. Each of the command and address busses 
is capable of driving up to 64 loads. The data bus can only drive eight loads. At a 
clock speed of 66 MHz and a data width of 64 bits, such a system has a bandwidth 
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of approximately .5 GBytes/second. It is desirable, however, to substantially 
increase this bandwidth to the order of 1.6 GBytes/s. If a single 16-bit data bus is 
used, it must be operated at approximately 800 MHz in order to achieve the desired 
data rate. It is also desirable to continue to support 64 devices; however, 
5 simulations demonstrate that, with improvements to the signaling and physical 
environment, the number of loads that can be supported at a data rate of 800 MHz is 
approximately eight In order to support 64 devices in a system with eight devices 
per 16-bit data bus, eight data busses would be required. This results in a 128-bit 
wide data path. Such a wide data path is inconsistent with the desire to reduce the 

1 0 total number of traces and is cost prohibitive. 

The present invention is a system which uses a unidirectional C/A bus and a 
data bus yet supports a plurality of devices per bus such that the total width of the 
data path width is not cost prohibitive to manufacture. For example, the present 
invention provides a memory system which utilizes a single 16-bit data bus which 

1 5 can be operated at 800 MHz and which supports 64 devices. Such a system can also 
be implemented as a higher bandwidth multiple data bus system as is described 
below. 

Figure 1 is a block diagram of one embodiment of a packet-oriented memory 
system according to the present invention. Referring to Figure 1, memory system 

20 1 00 includes a memory controller 1 05, a command/address bus (C/A) bus 1 1 0, a * 
data bus 115 and a plurality of pipelined memory subsystems 130.1 through 130.N, 
where N is the number of subsystems in memory system 100. Memory controller 
105 communicates commands and addresses to C/A bus 110. Furthermore, memory 
controller 105 is coupled to data bus 1 15 for reading and writing data from memory 

25 subsystems 130 thereon. In one embodiment, C/A bus 1 1 0 is a unidirectional high- 
speed bus while data bus 1 15 is a bidirectional high-speed bus. Memory controller 
105 communicates data information to data bus 110 during a write cycle and 
receives data information from data bus 1 1 5 during a read cycle. Memory controller 
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105 communicates over C/A bus 1 10 and data bus 1 15 via a predetermined packet 
protocol. 

Each memory subsystem 130 includes a C/A buffer register 13 1, a plurality 
M of memory devices 135 and a data buffer register 141. C/A buffer register 131 
receives and latches the command and address information from C/A bus 110. As 
illustrated in Figure 1, buffer register 131 is connected between the command and 
address bus 1 10 and the plurality of memory devices 135.1 through 135.M In one 
embodiment, memory system 100 has eight memory subsystems and eight memory 
devices 135 fii.e. N plus M equals eight). In another embodiment, memory devices 
135 are dynamic random access memory devices (DRAMs). Thenumber of 
memory devices 135 connected to each buffer register 131 may, however, differ 
from that shown in memory system 100 without departing from the spirit of the 
present invention. 

As illustrated, memory system 100 comprises N C/A registers 131 and N*M 
DRAMs. Each register drives the latched command and address information to its 
corresponding plurality of memory devices. In this manner, the load on the C/A bus 
is reduced from N*M devices to only N devices. 

Eqch data register 141 is connected between the plurality of memory devices 
135 and data buMi5. For memory read operations, data registers 141 receive and 
latch data informationfrom memory devices 135. Upon the next clock cycle, data 
registers 141 provide the information to memory controller 105 by driving the data 
information on data bus 115, For memory write operations, each data register 141 
receives and latches data information fro*R N data bus 120. Upon the next clock cycle, 
data registers 141 drive the data information toHtjeir corresponding M memory 
devices 135. In this manner, the load on data bus 1204s reduced from N*M devices 
to only N devices. 

Each C/A buffer register 13 1, its corresponding plurality^s^memory devices 
135.1 through 135.M and its corresponding data register 141 define a^elined 
memory subsystem 130. Memory subsystems 130.1 through 130.N allow C/A.bus 
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^^y, y/ data bus 120 to operate at a significant higher data rate since the loading 

y< was rctkjced by a factor of M. Pipelined memory subsystems 130, however, add a 
/ two clock cyfete^telay to DRAM access. In order to ensure efficient operation, the 

packet protocol used^5i»<J5mmunication is defined to incorporate a first delay for 
5 C/A buffer register 131 and as^co^d delay for data register 141. Furthermore, 
memory controller 105 issues commancT&iid address packets and data packets in 
pipeline fashion such that the first delay and theSeqmid delay do not have a 
substantial impact on the performance of memory system^OO. 

Figure 2 is a block diagram of an alternate embodiment of a packet-oriented 
10 memory system having pipelined memory subsystems. Referring to Figure 2, 
memory system 200 includes a memory controller 205, a command/address bus 
(C/A) bus 210, a first data bus 215, a second data bus 217, a first plurality of 
pipelined memory subsystems 230.1 through 230.N and a second plurality of 
pipelined memory subsystems 240.1 through 240.P. In this configuration, N and P 
15 are the number of pipelined memory subsystems in the first and second plurality of 
pipelined memory subsystems, respectively. 

Memory controller 205 communicates commands and addresses to C/A bus 
210. Memory controller 205 is coupled to a first data bus 215 and a second data bus 
217. C/A bus 210 is a unidirectional high-speed bus while data busses 215 and 217 
20 are bidirectional high-speed busses. Memory controller 205 communicates data 
information to data busses 21 5 and 217 during a memory write cycle and receives 
data information from data busses 215 and 217 during a read cycle. Memory 
controller 205 communicates over C/A bus 210 and data busses 215 and 217 via a 
predetermined packet protocol. 
25 Each of the first plurality of pipelined memory subsystems 230. 1 through 

230.N includes a C/A buffer register 23 1, a plurality M of memory devices 235 and 
a data buffer register 241. Similarly, each of the second plurality of pipelined 
memory subsystems 240.1 through 240.P includes a C/A buffer register 231, a 
plurality M of memory devices 235 and a data buffer register 241 . 

9 



C/A buffer register 23 1 receives and latches the command and address 
information from C/A bus 210. In the first plurality N of pipelined memory 
subsystems, register 231 is connected between the command and address bus 210 
and a plurality of memory devices 235. 1 through 23 5. M In the second plurality P 
5 of pipelined memory subsystems, register 23 1 is connected between the command 
and address bus 210 and a plurality of memory devices 235.1 through 235.Q. In one 
embodiment, the number of memory subsystems N and the number of memory 
subsystems P is four and eight dynamic random access memory devices (DRAMs) 
235 are connected to each register 231 (i.e. N=4, P=4, M=8 and Q=8). 

10 Dataxegisters 241 of memory subsystems 230 are connected between the 

plurality M of memory devices 235 and the first bidirectional data bus 215. 
Similarly, data registers 241 of memory subsystems 240 are connected between the 
plurality Q of memory devices 235 and the second bidirectional data bus 217. For 
memory read operations, data registers 241 receive and latch data information from 

15 the corresponding plurality of DRAMs 235. Upon the next clock cycle, data 

registers 241 drive the data information to corresponding data busses 215 and 217. 
For memory write operations, data registers 241 receive and latch data information 
from corresponding data busses 215 and 217 and drive the data information to the 
plurality of memory devices 235. 

20 As illustrated in Figure 2, memory system 200 has N+P C/A buffer registers 

231 and (N*M) + (P*Q) memory devices 235. In this manner, the load on the C/A 
bus is reduces from (N*M) + (P*Q) devices to N+P devices. Similarly, the load on 
data busses 215 and 217 is reduced from N*M and P*Q devices to N and P devices, 
respectively. The maximum data bandwidth of memory system 200 is thereby 

25 directly increased. As described earlier, pipelined memory subsystems 230 and 240 
adds a two clock cycle delay to DRAM access. Memory controller 205 issues 
command and address packets and data packets in a pipelined fashion in order to 
optimize communication throughput such that the first delay and the second delay 
do not have a substantial impact on the performance of memory system 200. 
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Figure 3 is a block diagram of one embodiment of a memory system having 
a plurality of memory modules, each memory module having a single pipelined 
memory subsystem. Referring to Figure 3, memory system 300 includes memory 
controller 305, a C/A bus 310, a data bus 315, a plurality R of memory modules 320 
5 and a plurality of sockets (not shown). Memory controller 305 communicates 
commands and addresses to C/A bus 310. Furthermore, memory controller 305 is 
coupled to data bus 3 15. C/A bus 3 10 is a unidirectional high-speed bus while data 
bus 3 15 is a bidirectional high-speed bus. Memory controller 305 communicates 
data information to data bus 3 1 5 during a write cycle and receives data information 

1 0 from data bus 315 during a read cycle. Memory controller 305 communicates over 
C/A bus 310 and data bus 3 1 5 via a predetermined packet protocol. 

Each memory module 320 represents any physical device which 
encapsulates at least one memory subsystem. In one embodiment, a memory 
module may be a single in-line memory module (SIMM). In order to provide for 

15 flexible configuration, memory system 300 has a plurality of sockets (not shown) 
which are adapted to receive memory modules. The plurality of sockets are 
disposed between each memory module 320 and C/A bus 310 and data bus 315 such 
that a socket receives a memory module 320 and couples memory module 320 to 
C/A bus 310 and data bus 315. Thus, the sockets allow memory modules 320 to 

20 easily be added to or removed from memory system 300. 

Each memory module 320 has at least one pipelined memory subsystem. 
For purposes of illustration, memory module 320.1 is shown with a single pipelined 
memory subsystem 330. Memory subsystem 330 comprises C/A buffer register 
331, a plurality M of memory devices 335 and a data buffer 341. C/A buffer 

25 register 33 1 is coupled between C/A bus 3 1 0 and the plurality M of memory devices 
335.1 through 335.M. C/A buffer register 33 1 receives and latches the command 
and address information from C/A bus 310. Data register 341 is connected between 
data bus 315 and the plurality M of memory modules 335. For memory read 
operations, data register 341 receives and latches data information from the plurality 
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of memory devices 335 and drives the data information to data bus 320. For 
memory write operations, data register 341 receives and latches data information 
from data bus 320 and drives the data information to the plurality of memory 
devices. In this manner, the load on C/A bus 3 10 and data bus 320 is reduced from 
5 R*M devices to R devices, thereby allowing C/A bus 3 1 0 and data bus 320 to 
achieve higher operating speeds. 

Figure 4 is a block diagram of an alternate embodiment of a memory system 
having a plurality of memory modules, each memory module having a plurality of 
pipelined memory subsystems. More specifically, memory system 400 includes 

1 0 memory_controller 405, a C/A bus 4 1 0, a data bus 4 1 5, a pluralityjt of memory 
modules 420 and a pluralityof sockets (not shown). Memory controller 405 
communicates commands and addresses to C/A bus 410. Furthermore, memory 
controller 405 is coupled to data bus 415 for reading and writing data from memory 
subsystems 430. In one embodiment, C/A bus 410 is a unidirectional high-speed 

15 bus while data bus 415 is a bidirectional high-speed bus. Memory controller 405 
communicates data information to data bus 415 during a memory write cycle and 
receives data information from data bus 415 during a read cycle. Memory controller 
405 communicates over C/A bus 410 and data bus 415 via a predetermined packet 
protocol. 

20 Each memory module 420 of memory system 400 includes a plurality N of 

pipelined memory subsystems 430.1 through 430.N. Furthermore, each memory 
subsystem 430 include a C/A buffer register 43 1, a plurality M of memory devices 
435.1 through 435.M, and a data buffer 441 . C/A buffer register 43 1 is coupled 
between C/A bus 410 and the plurality of memory devices 435. C/A buffer register 

25 43 1 receives and latches the command and address information from C/A bus 410. 
Data register 441 is connected between data bus 415 and the plurality of memory 
modules 435. For memory read operations, data register 441 receives and latches 
data information from the plurality of memory devices 435 and drives the data 
information to data bus 415. For memory write operations, data register 441 
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receives and latches data information from data bus 415 and drives the data 
information to the plurality of memory devices 435. In this manner, the load on data 
bus 415 is reduced by a factor of M 

Figure 5 is a block diagram of an alternate embodiment of a memory system 
5 having a plurality of memory modules coupled to two data busses, each memory 
module having two memory subsystems. Memory system 500 is similar to memory 
system 400 illustrated in Figure 4 except that memory system 500 implements a 
wider data path. 



10 data bus 5 1 5, a second data bus 5 1 7, a pluralityof sockets (not shown) and a 

plurality R of memory modules 520. Each memory module 520.1 through 520.R 
includes a first and second memory subsystem 530. 1 and 530.2. Memory 
subsystems 530 include a C/A buffer register 53 1 , a plurality M of memory devices 
535 and a data register 541. In one embodiment, memory system 500 has four 

15 sockets (not shown), four memory modules 520, each memory module 520 having 
two memory subsystems 530 of eight memory devices 535 (i.e., R=4 and M=8). In 
another embodiment, the memory devices 535 are SDRAMs. 

Memory controller 505 communicates commands and addresses to C/A bus 
510. Memory controller 505 is coupled to data busses 515 and 5 1 7. In one 

20 embodiment, C/A bus 5 10 is a unidirectional high-speed bus while data busses 515 ' 
and 517 are bidirectional high-speed busses. Memory controller 505 communicates 
data information to data busses 515 and 517 during a memory write cycle and 
receives data information from data busses 515 and 517 during a read cycle. 
Memory controller 505 communicates over C/A bus 510 and data busses 515 and 

25 517 via a predetermined packet protocol. 

Buffer register 53 1 of pipelined memory subsystems 530 receive and latch 
the command and address information from C/A bus 410. Data register 541 of 
memory subsystem 530. 1 is connected between data bus 5 1 5 and the plurality of 
memory devices 535. Data register 542 of memory subsystem 530.1, however, is 



Memory system 500 includes memory controller 505, C/A bus 510, a first 
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connected between data bus 517 and its corresponding plurality of memory modules 
535. In this manner, memory system 500 has a wider data path than memory system 
400 of Figure 4. 

For memory read operations, data register 541 of memory subsystem 530.1 
5 receives and latches a first data information from its corresponding plurality of 
memory devices 535 and drives the first data information to data bus 515. 
Similarly, during a read operation, data register 541 of memory subsystem 530.2 
receives and latches a second data information from its corresponding plurality of 
memory devices 535 and drives the second data information to data bus 517. For 

10 memory write operations, data register 541 of memory subsystem 530.1 receives 
and latches the first data information from data bus 515 and drives the first data 
information to its corresponding plurality of memory devices 535. Similarly, data 
register 541 of memory subsystem 530.2 receives and latches the second data 
information from data bus 520 and drives the second data information to its 

15 corresponding plurality of memory devices 535. In this manner, the loads C/A bus 
510 and on both data busses 515 and 517 are reduced from M*R devices to R 
devices. 

Conclusion 

20 Various embodiments of a pipelined, packet-oriented memory systems have 

been described. Such a system offers the flexibility of multiple busses having a 
plurality of memory devices yet allows the busses to operate at a high data rate. In 
one embodiment, the memory system comprises a plurality of memory subsystems 
coupled to a high-speed command and address bus and a high-speed data bus, each 

25 memory subsvstem having eight memory devices. In another embodiment, a first 
plurality of pipelined memory subsystems uses a first data bus while a second 
plurality of pipelined memory subsystems uses a second data bus. In another 
embodiment, the memory system has a plurality of sockets adapted to receive a 
memory module, wherein a memory module contains at least one memory 
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subsystem. In another embodiment, the memory system has a first plurality of 
sockets connected to a first data bus and a second plurality of sockets connected to a 
second data bus, the memory modules comprising two memory subsystems. This 
application is intended to cover any adaptations or variations of the present 
invention. It is manifestly intended that this invention be limited only by the claims 
and equivalents thereof. 
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